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Abstract
On 12 May 2008, an earthquake measuring 8.0 on the Richter scale struck Wenchuan County, Sichuan, China. Between 12 May and 11
June, 1823 victims were hospitalized in West China Hospital. These patients were severely injured, and most of their wounds were con-
taminated. Here, the results of bacteriological identiﬁcation and antibiotic susceptibility testing of 725 non-duplicate isolates from earth-
quake victims are presented. Gram-negative bacilli were most frequently isolated (71.3%). Only 18.9% of isolates were Gram-positive
bacteria; Candida spp. accounted for 9.7%, and Gram-negative cocci for 0.1%. After anaerobic culture, four Clostridium sordellii strains and
one Clostridium bifermentans strain were isolated from deep wounds. Specimen culture from earthquake victims revealed a spectrum of
pathogens and antibiotic susceptibilities that was different from that usually encountered in West China Hospital, especially concerning
methicillin-resistant Staphylococcus aureus, extended-spectrum b-lactamase producers, and multidrug-resistant (MDR) non-fermenting
Gram-negative bacilli. The pathophysiology of the injuries in earthquake victims was different from that in the patients who were not
earthquake victims. A combination of environmental bacteria with a high proportion of Gram-negative bacteria was often observed in the
earthquake victims. Approximately 26% of all earthquake victims were shown to be carriers of MDR microorganisms. Therefore, appro-
priate microbiological assessment upon admission, and identiﬁcation of patients to be put in quarantine, is of paramount importance.
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Introduction
On 12 May, at 14:28 Beijing time, an earthquake measuring
8.0 on the Richter scale struck Wenchuan County, Sichuan
Province, China. The earthquake disaster caused more than
374 171 injuries and 69 185 deaths, and 18 467 people were
missing in southwestern China (http://news.xinhuanet.com/
newscenter/).
Victims who survived the earthquake were often severely
injured, and because of the insufﬁcient supply of medical
workers, surgical equipment and antibiotics in the earth-
quake-stricken areas, the incidence of wound infections was
high [1,2]. From 12 May to 11 June 2008, c. 2695 earthquake
victims were transferred to West China Hospital, and 1823
victims were hospitalized. The most common problems
among these patients were crush syndrome and traumatic
wounds. Under such circumstances, information about infec-
tion-causing bacteria and the antimicrobial susceptibilities of
isolates from earthquake victims becomes very important.
This information will be useful to clarify whether the isola-
tion rate of multidrug-resistant (MDR) microorganisms will
change after the earthquake.
In this study, the results of bacteriological examination of
Wenchuan earthquake victims were reviewed, and the pat-
tern of antibiotic susceptibility of isolates from earthquake
victims was compared with that of isolates from other
patients.
Materials and Methods
Patients and methods
Upon admission, the clothes of all victims were removed;
the patients received hospital gowns in an isolated area. All
wounds were systematically examined and documented. The
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diagnosis of wound infection was made by a physician, based
on the presence of clinical signs. Swabs for culture were
taken from all wounds; urine, blood or sputum samples were
taken only when indicated. Normal cultures, blood cultures,
anaerobic cultures and vascular catheter cultures were per-
formed following the CLSI guidelines [3].
Bacterial identiﬁcation and antimicrobial susceptibility test-
ing
The MicroScan Walkaway 96SI system (Dade Behring Diag-
nostics Co., Ltd, Sacramento, CA, USA) and the PHOENIX
Automated Microbiology System (BD Diagnostics, Franklin
Lakes, NJ, USA) were used for the identiﬁcation of microor-
ganisms and susceptibility testing following the performance
standards for antimicrobial susceptibility testing as deﬁned by
the CLSI [4]. If necessary, biochemical methods were used
to identify strains isolated from clinical samples. Phenotypic
conﬁrmatory tests for extended-spectrum b-lactamase
(ESBL) production in Klebsiella pneumoniae, Klebsiella oxytoca
and Escherichia coli were carried out following the CLSI
guidelines [4]. For the isolation of anaerobic strains, GENbag
anaer (Biomerieux, Marcy l’Etoile, France) and API 20A
strips (Biomerieux) were used to culture and identify anaer-
obic strains. If necessary, the anaerobic identiﬁcation test
was carried out more than once.
Antibiotic susceptibility testing data analysis and statistical
methods
Data from antimicrobial susceptibility testing were analy-
sed with Whonet 5.4 software from the clinical micro-
biology laboratory information system (http://www.who.int/
drugresistance/whonetsoftware). Duplicate isolates of the
same organism from the same patient were eliminated using
the same software.
Antibiotic resistance patterns of each organism from
Wenchuan earthquake victims were analysed and compared
with those of organisms from other patients admitted before
the earthquake. A two-sided chi-square test was used to test
differences in resistance rates for isolates from earthquake
victims and other patients. A p-value £0.05 was taken as
being statistically signiﬁcant.
Results
The mean age of the patients (939 males, 844 females) was
45.2 years (80 days to 105 years). Between 12 May and 11
June 2008, 2002 specimens from earthquake victims were
collected, cultured and tested. The most common specimens
were wound swabs (1243, 62%), blood (600, 30%), sputum
(102, 5%), vascular catheters (45, 2.2%) and urine (12, 0.5%).
In total, 74 anaerobic cultures were taken from deep
wounds.
Altogether, 725 non-duplicate clinical isolates from earth-
quake victims were identiﬁed and analysed, and compared
with 690 isolates from pre-earthquake patients.
Gram-negative bacilli were the most commonly isolated
pathogens (517 isolates (71.3%)), including Acinetobacter bau-
mannii, E. coli, Pseudomonas aeruginosa, Enterobacter cloacae,
K. pneumoniae, and Aeromonas hydrophila (Table 1). Only
18.9% of the isolates were Gram-positive bacteria. The most
frequently isolated Gram-positive bacteria were Staphylococcus
aureus (90 isolates (12.4%)) (Table 1). Other Gram-positive
cocci were enterococci (29 isolates) and coagulase-negative
staphylococci (16 isolates). The remaining species were
Candida spp. (9.7%) and Gram-negative cocci (0.1%). Regard-
ing anaerobic bacteria, four Clostridium sordellii isolates and
one Clostridium bifermentans isolate were recovered after
culture from deep wounds of ﬁve earthquake victims.
The culture of specimens from earthquake victims
revealed a spectrum of pathogens that was different from
that usually found in the same hospital. In the 2 weeks after
the Wenchuan earthquake, the number and relative rate of
isolation of Aeromonas hydrophila isolates increased most
notably, but they also increased with respect to Candida albi-
cans and, to a lesser degree, S. aureus, whereas they
decreased somewhat with respect to K. pneumoniae (Table 1).
Antibiotic susceptibility results concerning the six organ-
isms most frequently isolated from the earthquake victims
are summarized in Fig. 1, which gives the organisms, the anti-
microbial agents tested, and an indication of the trends
observed over the study period. Methicillin-resistant
TABLE 1. Microorganisms isolated from earthquake victims
and patients who were not earthquake victims at West
China Hospital, Chengdu
Organism
No. of isolates from
earthquake victims
(ranking no.)
No. of isolates from
patients who
were not earthquake
victims (ranking no.)
12 May to
31 May 2008
12 May to
11 June 2008
12 April to
11 May 2008
Acinetobacter baumannii 95 (1) 130 (1) 107 (1)
Escherichia coli 88 (2) 119 (2) 94 (2)
Staphylococcus aureus 81 (3) 90 (3) 66 (5)
Pseudomonas aeruginosa 43 (4) 67 (4) 86 (3)
Enterobacter cloacae 43 (5) 64 (5) 36 (6)
Klebsiella pneumoniae 23 (6) 47 (6) 68 (4)
Aeromonas hydrophila 14 (7) 14 (11) 1 (36)
Candida albicans 13 (8) 43 (7) 6 (20)
Stenotrophomonas
(Xanthomonas) maltophilia
12 (9) 22 (8) 23 (8)
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S. aureus (MRSA), ESBL-producing bacteria and MDR non-fer-
menting Gram-negative bacilli were common causes of
severe nosocomial infections. The decrease in isolation rates
of MRSA was obvious (Fig. 2). Fig. 3 shows the prevalence of
ESBL production in E. coli, K. pneumoniae and K. oxytoca. The
rate of isolation of MDR non-fermenting Gram-negative
bacilli showed a discrete rise (Fig. 4).
Discussion
The characteristics of the injuries of earthquake victims are
different from those of other, average, patients. Most earth-
quake victims are physically injured, and have wound con-
tamination and progressing tissue damage. Aside from the
FIG. 1. Antimicrobial resistance patterns of
the six most frequently isolated organisms
during the 1-month periods before (bright
green columns) and after (purple columns) the
earthquake in West China Hospital. (a) Acinet-
obacter baumannii; (b) Pseudomonas aeruginosa;
(c) Escherichia coli; (d) Enterobactercloacae; (e)
Klebsiella pneumoniae; (f) Staphylococcus aureus.
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environmental factors present at the time of injury, prior
surgical and antibiotic treatment inﬂuence, to a great extent,
the development of wound infections [5,6]. In earthquake-hit
areas, owing to the large number of patients, insufﬁcient
numbers of medical workers and the scarcity of surgical
equipment and antibiotics, wounds are usually heavily con-
taminated. Many patients rapidly develop foul-smelling
wounds with abundant pus; meanwhile, empirical antibiotic
treatment is given without knowledge of the infecting spe-
cies. Under such circumstances, a combination of environ-
FIG. 1. Continued
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mental bacteria (including Aeromonas hydrophila) and a high
prevalence of Gram-negative bacteria (such as A. baumannii)
is often found in cultures from wounds and other specimens.
Aeromonas hydrophila, present in earth and fresh water, has
previously been reported to cause rapidly progressing wound
infections [7,8]. In West China Hospital, only one Aeromonas
sp. isolate was recovered from patients who were not earth-
quake victims between 12 April and 11 May 2008, and the
isolation rate was only c. 0.14%. However, 14 Aeromonas sp.
isolates were recovered from earthquake victims in the ﬁrst
2 weeks after the earthquake, which represents a signiﬁcant
increase (p 0.001) in the rate of isolation.
After 48 h of hospitalization, most wound-infecting patho-
gens are MDR [9]. This observation indicates that wound
infection may be a signiﬁcant factor associated with nosoco-
mial infections. Acinetobactet baumannii (A. baumannii) is an
increasingly important opportunistic pathogen and a relatively
common cause of nosocomial infections in areas of natural
disaster or war [1,10–12]. The treatment of A. baumannii
infections has become increasingly difﬁcult, because of the
development of multiple antibiotic resistance [13]. In the
present study, A. baumannii isolates were resistant to cefe-
pime, cefotaxime, ceftazidime, ciproﬂoxacin, gentamicin and
amikacin, but they were mainly susceptible to imipenem, with
a susceptibility rate of 70% (Fig. 1a).
The imipenem resistance rate in P. aeruginosa isolates from
patients who were not earthquake victims was higher than in
those from earthquake victims. Approximately half of the
P. aeruginosa isolates from earthquake victims were resistant
to cefepime and ciproﬂoxacin. The rates of resistance to
gentamicin, amikacin, ceftazidime, piperacillin, piperacillin–
tazobactam and imipenem were relatively low (Fig. 1b).
All E. coli, Enterobacter cloacae and K. pneumoniae isolates
were usually susceptible to piperacillin–tazobactam, imipe-
nem and amikacin (Fig. 1c–e). However, the Enterobacter cloa-
cae isolation rate increased from 5.2% in patients who were
not earthquake victims (12 April to 11 May) to 8.8% in
earthquake victims, probably mostly due to the bacterium’s
association with environmental matter, including dust.
Among all organisms analysed, the antibiotic resistance rate
increased most notably in Enterobacter cloacae, with an
average increase of 9.9% (Fig. 1d). The trimethoprim–
sulphamethoxazole resistance rate increased by 17% in
K. pneumoniae isolates from earthquake victims, and to
59.6%, up from 42.6%, in isolates from other patients. The
gentamicin and cefotaxime resistance rates of K. pneumoniae
were higher in isolates from earthquake victims than in
isolates from other patients (Fig. 1e).
Although S. aureus is the most common microorganism
causing wound infections [14], the isolation rates of A. bau-
mannii and E. coli ranked ﬁrst and second in earthquake vic-
tims. Isolates resistant to oxacillin were signiﬁcantly less
common (50%) in earthquake victims than in other patients
(p 0.001) (Figs 1f and 2).
FIG. 2. Isolation rates of methicillin-resistant Staphylococcus aureus
(MRSA) before and after the earthquake.
FIG. 3. Rates of isolation of extended-spectrum b-lactamase (ESBL)-
producing Escherichiacoli, Klebsiella pneumoniae and Klebsiella oxytoca
before (12 ⁄ 4–11 ⁄ 5, bright green columns) and after (12 ⁄ 5–11 ⁄ 6,
purple columns) the earthquake.
FIG. 4. Rates of isolation of multidrug-resistant (MDR) Pseudomonas
aeruginosa and Acinetobacter baumannii before (12 ⁄ 4–11 ⁄ 5, bright green
columns) and after (12 ⁄ 5–11 ⁄ 6, purple columns) the earthquake.
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Imipenem, piperacillin–tazobactam and amikacin appeared
to be effective against most causative pathogens, except
A. baumannii. On the basis of the drug susceptibility results,
treatment with only second-generation cephalosporins, ﬂuor-
oquinolones and trimethoprim–sulphamethoxazole appeared
to be inadequate. Fourth-generation cephalosporins, e.g. ce-
fepime, were not particularly effective against A. baumannii
and E. coli, conﬁrming observations made by Geertruid
et al.[15] after the tsunami disaster. In the present study,
c. 26% of all earthquake victims were shown to be carriers
of MDR microorganisms, including MRSA and ESBL produc-
ers. Additionally, in several cases, MDR Gram-negative bacte-
ria were isolated from the same patient or ward. This might
reﬂect the risk of nosocomial infection. Further studies are
needed to address the relationship between isolates from
earthquake victims and nosocomial infection. The results of
this study show that the rates of isolation of the environ-
mental organism Aeromonas hydrophila and S. aureus clearly
increased in earthquake victims, and that most of the isolates
were susceptible to antibiotics. On the other hand, strains of
the species A. baumnnii, E. coli, P. aeruginosa and K. pneumoniae
showed a high level of resistance to frequently used antibiot-
ics, and the numbers of ESBL producers and MDR bacteria
increased slightly (Figs 3 and 4).
In conclusion, thorough microbiological assessment of
earthquake victims upon admission is extremely important,
and quarantine should be considered for patients infected, or
suspected to be infected, with ESBL producers, MDR non-
fermenting Gram-negative bacilli and MRSA.
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